The self-splicing RNAs known as group I introns exist in many organisms, but their distribution is difficult to explain. We hypothesize that group I introns have been transferred between a parasite and its host. We describe here the discovery of a common group I intron sequence between a plant-parasitic fungus, Protomyces inouyei, and its host, Youngia japonica. It strongly supports our theory that the group I intron had been transferred from the host plant to the parasitic fungus in the course of evolution.
Introduction
Group I introns exist in many eukaryotes, prokaryotes, and viruses (Cech 1988; Kuhsel et al. 1990; Michel and Westhof 1990; Xu et al. 1990; Belfort 199 1; Reinhold-Hurek and Shub 1992; Yamada et al. 1994 ). Those distributions have been difficult to explain. Dujon (1989) showed three elementary mechanisms of intron mobility (i.e., intron loss, intron homing, and intron transposition).
A mobile group I intron from Physarum polycephalum can insert itself and induce point mutations in the nuclear small-subunit ribosomal DNA ( 18s rDNA) of Saccharomyces cerevisiae (Muscarella and Vogt 1993) . We hypothesized that group I introns would have been transferred between different organisms in the course of evolution.
The higher fungi Protomyces inouyei and Protomyces lactucae-debilis are parasitic, causing galls on leaves and fruits of Youngia japonica and Ixeris debilis, respectively (Tubaki 1957) . Both host plant species are assigned to the Asteraceae. We have already shown that the 18s rDNA of P. inouyei contains two group I introns (introns A and B) in different locations 
DNA Amplification and M 13 Cloning
The 18s rDNA of Protomyces lactucae-debilis was amplified using the methods described elsewhere (Nishida and Sugiyama 1993). The DNA of the group I intron coding sequence was amplified using polymerase chain reaction (PCR) conditions with the oligonucleotides 5'-CCGAATTC(A/G)AATTGCGGG(A/G)A-3' and S-CCTGCAGACTATATCTTAAG-3', which were synthesized on the basis of conserved elements P and S (Cech 1988) . Forty cycles of amplification were carried out under the following conditions:
94°C for 1 min, 42°C for 1 min, and 72°C for 1 min. The PCR products were digested by Eco RI and Pst I, isolated by agarose gel electrophoresis, and inserted into the Eco RI and Pst I sites of M 13 mp 19 RF DNA. The part of the 18s rDNA containing the P. inouyei intron A insertion site was amplified using PCR with the primers 5'-GTACA-CACCGCCCGT-3' and 5'-TGATCCTTCCGCAGGT-TCACC-3', designed on the basis of conserved regions in 18s rDNA sequences alignment (Dams et al. 1988 ). These primers can anneal either to fungal or botanical 18s rDNA. Thirty cycles of amplification were carried out under the following conditions:
94°C for 1 min, 54°C for 1 min, and 72°C for 1 min. The amplified Pl PiB Pl PiB AAACGTTTATGTCGCAGTTAACTCTGCTCCGAAAAGCCACTCGAAGGAGTGTGGT AAACGTTTATGTCGCAGTTAACTCTGCTCCGAAAAGCCACTCGAAAGAGTGTGGT ****************************************~~~~* ********* P GTCCTTAGAGGCTAGTCAGTACGCTGGCAACACAAT GTCCTTAGAGGCTAGTCAGTACGCTGGCAACACAAT ************************************ Pl PiB TAGAGCTCAAGCTACCGCTGCTGCCCAGAGATGGGTTGTGGCACCAGGTTAACGA TAGAGCTCAAGCTACCGCTGCTGCCCAGAGAGATGTG *****************************************~~~~~~~~~~~~~~ Pl Pii CCTCGGGTATGGTAACAACGCTTGAGATTGGA CCTCGGGTATGGTAACAACGCTTGAGATTGGA ******************************** Pl PiB Pl PiB Pl PiB GATAGAAAATG GATAGAUATG ***********
FIG. 1 .-Group
I intron coding sequences at the same insertion sites in 18s rDNAs from Protomyces inouyei and P. lactucae-debilis. P, Q, R, and S indicate the conserved sequence elements (Cech 1988) . Pl, P. lactucae-debilis intron; PiB, P. inouyei intron B.
DNA length without intron is expected to be 167 bp, based on the Saccharomyces cerevisiae 18s rRNA sequence (Mankin et al. 1986 ).
Southern Analysis
The agarose gel was Southern blotted and hybridized with the biotinylated oligodeoxynucleotide 5' -GG(A/G)(C/T)(A/G/C)ATC(G/C)GCAGCCAA-3' , which was synthesized on the basis of the conserved region Q (Cech 1988 ) of the group I intron, according to PhotoGene@ Nucleic Acid Detection System Instruction Manual (BRL Life Technologies, Inc.). The probe hybridization was performed at 42°C. The blot was washed at 45°C.
Results and Discussion
When the Protomyces lactucae-debilis 18s rDNA sequence was determined, it contained a group I intron, which was located in the same site as the P. inouyei intron B . The nucleotide sequence of P. Zactucae-debilis 18s rDNA has been included in the DDBJ, EMBL, and GenBank nucleotide sequence databases, under accession number D 14 164. The P. lactucae-debilis intron has a 98.5% sequence identity with the P. inouyei intron B ( fig. 1 ). This quality suggests that the common ancestor of these two introns existed before the divergence of the Protomyces species.
To search for similar group I introns in the host plants, we used PCR amplification with the primers designed to anneal to the conserved P and S regions of group I introns (Cech 1988) . Successful amplification of fragments occurred in Youngia japonica, the P. inouyei host, but did not occur in Ixeris debilis. the P. Zactucae-_ debilis host. The PCR products from Y. japonica were cloned into M 13, then sequenced. In total, we obtained six group I intron sequences. Among them, three sequences were identical. Therefore, four different sequences were obtained. We named the four sequences Yj introns l-4 ( fig. 2) . Compared with the PCR amplified region, surprisingly, Yj intron 1 is identical with P. inouyei intron A. Yj intron 2 is only one base different from Yj intron 1. Yj intron 3 has three recombinants. Yj intron 3 has a 59% sequence identity with P. inouyei intron A and a 55% identity with P. inouyei intron B. Yj intron 4 is only one base different from Yj intron 3. Here we can not determine whether a one-base difference depends on an error in PCR or the intron polymorphism or that relationships exist between Yj intron 3 (or 4) and P. inouyei introns. Comparing secondary structure models of those introns, we found that all Yj introns have a P6b region. Protomyces inouyei intron A contains the P6b region, but P. inouyei intron B does not. Some group I introns encode sequence-specific doublestrand endonucleases, which recognize and cleave in- 
